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Instrument Function Statement and Gateway Usage 
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STATEMENT INSTRUMENT/CONCEPT DETAILS
FUNCTION STATEMENT Our analyses are based on data from Terra MISR/MODIS, Aqua MODIS, DSCIVR EPIC 
and EO-1 Hyperion sensors. Science questions as identified in NASA’s Science Plan:  
Detect and predict changes in Earth’s ecological and chemical cycles, including land 
cover, biodiversity, and the global carbon cycle. 
WHY IS THE GATEWAY THE OPTIMAL 
FACILITY FOR THIS 
INSTRUMENT/RESEARCH? 
The phase (angle between the directions to the Sun and sensor) at each point on the
Earth’s image taken from a lunar orbiting satellite is approximately constant and coincides
with the elongation angle. Lunar orbits allow us to collect reflectance of vegetated surface
for the full range of phase angles over a short period of time. The reflectance of the
vegetation exhibits a sharp increase when scattering direction (direction to the sensor)
approaches the direction to the sun. This phenomenon is known as the hot spot effect.
The hotspot region represents the most information-rich directions in the directional
distribution of canopy reflected radiation [1, 2]. The hot spot effect is strongly correlated
with leaf area index and its sunlit fraction [3-5], foliage size and shape [1, 6, 7], crown
geometry and within-crown foliage arrangement [6, 8, 9], leaf physiology [8, 10-12]. The
uniqueness of the DSG observation strategy is its ability to provide frequent observations
of Earth’s vegetated surface in the hot spot region that existing Low-Earth-Orbiting and
Geostationary satellites do not have.
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Basic Instrument Parameters
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PARAMETER INSTRUMENT  ESTIMATE & ANY COMMENTS
MASS1 (KG) 49
VOLUME1 (M) 75x39x66 (LxWxH)
POWER1 (W) 51 (avg)
THERMAL REQUIREMENTS
DAILY DATA VOLUME2 ~50 GB/day, assuming 10 km spatial and 1h temporal resolution, 242 spectral bands
CURRENT TRL
WAG COST & BASIS
DURATION OF EXPERIMENT as long as possible
OTHER PARAMETERS
1Parameters are for EO1- Hyperion Imaging Spectroradiometer. From Pearlman, J.S., Barry, P.S., Segal, C.C., Shepanski, J., Beiso, D., & 
Carman, S.L. (2003). Hyperion, a space-based imaging spectrometer. Geoscience and Remote Sensing, IEEE Transactions on, 41, 1160-
1173
2Estimate for DSCOVR EPIC like image
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Instrument Gateway Usage
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USAGE INSTRUMENT REQUIREMENTS & COMMENTS
ORBIT CONSIDERATIONS Applicable to any orbit under consideration
FIELD OF VIEW REQUIREMENTS
REQUIRES USE OF AIRLOCK No
CREW INTERACTION REQUIRED? initially high for setup, then low/zero interaction
WILL ASTRONAUT PRESENCE BE 
DISRUPTIVE?
The sensor is expected to be mounted outside the station, so astronaut 
presence will be not disruptive
DOES THE INSTRUMENT PRESENT A RISK 
TO THE CREW No
OTHER CONSUMABLES REQUIRED
SPECIAL SAMPLE HANDLING 
REQUIREMENTS No
NEED FOR TELEROBOTICS?
OTHER REQUIREMNTS OF THE GATEWAY?
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Status: see Additional Information
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phase	angle	g =									
=elongation~const
Frequent observations of surface reflectance 
for a wide range of scattering angles
Earth	from	lunar	orbits
Normalized	scattering	phase	
function	of	a	Lambertian sphere	
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Additional Information: Canopy Hot Spot
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Photo by Mat Disney, NERC CTCD, UK, 2005
The most information-rich observation 
directions [1,2]
o sunlit and shaded leaves [3-5]
o foliage size and shape [1,6,7]
o crown geometry and within-crown foliage 
arrangement [6,8,9]
o leaf physiology [8,10-12]
A good dynamic range of the phase angle is 
required to maximize data information content
HOT SPOT: sharp increase in BRF when scattering 
direction approaches the direction to the sun
Additional Information: Uniqueness of DSG Data
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Uniqueness of the DSG observing strategy is its ability to provide 
frequent observations of every region of the Earth’s land in the 
hotspot region that the existing Low-Earth-Orbiting and Geostationary 
satellites do not have
MODIS Land Cover Type
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Additional Information: Example 1
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q Monitoring of dense vegetation represents 
the most complicated case in remote sensing 
because reflection of solar radiation 
saturates and becomes weakly sensitive to 
vegetation changes.
q At the same time, the satellite data are 
strongly influenced by changing sun-sensor 
geometry. This makes it difficult to 
discriminate between vegetation changes 
and sun-sensor geometry effects.
q The use of continuous hot spot signatures 
allows us to unambiguously detect changes 
in dense forests. 
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Reciprocity principle:  the BRFs of a canopy corresponding to 
different sun positions necessary intersect at a known point 
[13]  Bi, J., Knyazikhin, Y., Choi, S.H., Park,T. et al, (2015). Sunlight mediated seasonality in canopy structure and photosynthetic activity of Amazonian rainforests. Environmental Research Letters, 10
Analyses of 9 years (2000-2008) of MISR data 
suggest dry season increases in leaf flushing, 
litterfall, photosynthesis and evapotranspiration in 
well-hydrated equatorial Amazonian rainforests
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A simple algorithm applied to backscatters unambiguously 
discriminates between clouds, cloud free ocean, land and vegetation
[14] W Song, Y. Knyazikhin, G. Wen, A. Marshak, G. Yan, and X. Mu, Earth Reflectivity from Deep Space Climate Observatory (DSCOVR) Earth Polychromatic Camera (EPIC), Poster A33D-2387, 2017 
Fall Meeting, AGU, New Orleans, LA.
Additional Information: Example 2
Note cloud free Amazonian rainforests during the entire day
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Additional Information: Example 3
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Reflectance in backscattering directions is very sensitive to 
the presence of green leaves
[12] A. Marshak and Y. Knyazikhin, "The spectral invariant approximation within canopy radiative transfer to support the use of the EPIC/DSCOVR oxygen B-band for monitoring vegetation," 
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DSCOVR EPIC 
Additional Information: Example 4
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Diurnal courses of FPAR, NDVI and Sunlit Leaf Area Index (SLAI) derived 
from DSCOVR EPIC data. Leaf area and its sunlit portion are key state 
parameters in most ecosystem productivity models and carbon/nitrogen cycle 
(Expected to be released in March-2018)
